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Objectives: To compare a new pedal ergometer (the Stresst'er) with conventional treadmill examination i patients with 
leg pain on exercise. 
Design: Patients presenting with claudication were assessed by standard treadmill test and by the new device in two 
District General Hospitals. 
Methods: Ninety-four subjects were studied. Symptoms induced by both types of exercise were compared. Distance 
walked on the treadmill was compared to the number of pumps using the Stresst'er. The percentage change in ankle 
systolic pressure produced by the two tests was compared. 
Results: Subjective symptoms induced by the tests were similar. Distance walked did correlate with pumps on the 
ergometer, as did change in systolic pressure. Analysis of a subgroup of 41 cases with receiver operator curve (ROC) 
tests showed that the new device is sensitive atzd-~pecific. 
Conclusion: This new device is comparable with treadmill testing, but being easier to use, may have a place in the 
vascular clinic. 
Key Words: Claudication; Exercise testing; Treadmill; Ergometer. 
4 
Introduction 
Investigation of claudication should be by a non- 
invasive method which is safe, accurate, reproducible 
and preferably inexpensive. 1 The investigation should 
be within the competence of paramedical personnel, 
readily acceptable to patients and produce minimal 
disturbance of the cardiovascular mechanism. 2 Most 
importantly, the test results should reflect he severity 
of the patient's disease and thereby influence clinical 
management. 
For 25 years the constant-load treadmill has been 
the most commonly used (albeit imperfect) cornerstone 
for the assessment of peripheral vascular disease. 3 
Some of its imperfections are due to the size, expense 
and the need for a trained technician to perform the 
test, but others are due to the limitation of the method 
itself. In one study some 45% of patients could not be 
assessed on the treadmill. 4 Furthermore, despite the 
description of a standardised test by Laing and Green- 
halgh 5, there are many variations in the way different 
* Please address all correspondence to:A. Cameron, Consultant 
Surgeon, Ipswich Hospital NHS Trust, Heath Road, Ipswich, IP4 
5PD, U.K. 
vascular laboratories actually carry out the in- 
vestigation. There is currently no agreed standard test 
for the assessment of peripheral arterial disease to 
compare with those in place for the assessment of 
cardiac disease. 
The Stresst'er (Fig. 1) is a new exercise device which 
clamps to the end of an examination couch and allows 
exercise of the calf muscle against a standardised 
resistance. Our initial impression was that it fulfilled 
many of the criteria outlined above, in particular its 
ease of use, its standardised workload and its mobility. 
Recognising that it is essential that any new test is 
assessed against he current "gold standard", a com- 
parison between the use of the Stresst'er and the 
treadmill in a two-hospital study was undertaken. 
Methods 
Patients 
Patients presenting to vascular clinics with leg pain 
on exercise were included in the study. Each patient 
underwent a standardised treadmill test and a Stress- 
t'er study. Both tests were performed in random order 
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Fig. 1. The Stresst'er. 
and usually on different days. All were carried out 
before intervention or therapy, including stopping 
smoking. 
Treadmill exercise 
Patients exercised on a standard treadmill (2000 series, 
Marquette Electronics Ltd, Manchester, U.K.) at 4 km 
per hour and a 2-degree angle. Exercise continued for 
a maximum of 5 min unless prevented by pain or 
other symptoms. Ankle and brachial pressures were 
measured before and after exercise. (Each hospital 
used its normal techniques for these measurements; 
in Ipswich a standard sphygmomanometer cuff was 
used, but the vessels were insonated with a Vasoflow 
probe (Oxford Sonicaid, Quarry Lane, Chichester, W. 
Sussex PO19 2LP, U.K.) but in Chester the cuff was 
automatic (Sphygmo-tensiphone, R ster, Germany) 
and the probe was hand-held (Multi-Dopplex, HNE 
Health Care, CardifL U.K.).) Symptoms induced by 
the treadmill were recorded. 
Stresst'er exercise 
The Stresst'er (Stu-ert Medical Devices Ltd., Windward 
House Office Armexe, First Avenue, Frinton-on-Sea, 
CO13 9HA, U.K.) was clamped onto the end of an 
ordinary examination couch. The patient lay semi- 
recumbent and exercised the limb by depressing the 
pedal against resistance, which is factory-set at 8.2 J 
per pump. To standardise the test the patient had to 
depress the pedal in time to an audible signal set at 
60 beats per minute. The number of pumps performed 
was counted by the device and the test continued for 
2 min unless prevented by pain or other symptoms. 
The pre- and post-exercise pressures were measured 
as above. Each leg was tested separately and symptoms 
induced by the test were recorded. 
Analysis 
Symptoms produced by the two tests were compared 
and related to the presenting complaints. 
The distance walked on the treadmill was compared 
with the number of pumps on the Stresst'er, and the 
percentage fall in ankle systolic pressure induced by 
the two tests was compared. Both comparisons used 
Spearman's rank correlation test (OXSTAT). 
In addition, it was possible to construct a receiver 
operator curve (ROC) for the patients tudied in Ches- 
ter. The ROC 6 is increasingly used to compare new 
and established diagnostic tests. The ROC is generated 
by plotting the percentage of false positive results 
(abscissa) versus the percentage oftrue positive results 
(ordinate) and describes a test over a range of selected 
Eur J Vasc Endovasc Surg Vol 14, December 1997 
Stresst'er Versus Treadmill in Claudicants 435 
values. The advantage of such ROC analysis is that it 
is applied over a range of values: by contrast the more 
usual specificity/sensitivity analysis describes the ac- 
curacy of the test at only one specific point which is 
the watershed between "normal" and "abnormal". 
Therefore, ROC analysis is especially applicable to 
our study because the Stresst'er produces a range of 
measurement rather than a simple "normal/ab- 
normal" result. 
We therefore used accepted criteria to deem patients 
without vascular disease to have a post-exercise ankle 
and brachial pressure index (ABPI) of 1.0 or above. 
The same established criteria were used to assign mild 
claudicants a post-exercise ABPI of 0.6 and those with 
disabling claudication a value of 0.4. Two by two tables 
were constructed for each of these arbitrary cut-off 
points. Information gained from the 2 x 2 tables was 
then used to construct a ROC for the Stresst'er. Stat- 
istical analysis was made using SYSTAT. 
that the Stresst'er assesses each leg independently, 
whereas treadmill exercise is limited by the worst 
limb. We therefore took the figures for the limb which 
had been symptomatic on the treadmill and compared 
the figures for the same limb on the new device 
(as explained above, in only eight cases was there 
disagreement between the two tests). The correlation 
is shown in Fig. 2. Correlation =0.692; t= 7.76; p<0.001 
(Spearman's Rank test). 
Pressure changes 
Since both legs were measured in both tests we had 
a total of 185 measurements (in three cases no accurate 
reading was obtained). The pressure changes are 
shown in Fig. 3. Analysis gave correlation 0.48, t = 
7.31, p<0.001 (Spearman's Rank Test). 
Results 
Ninety-four patients completed the study, 59 males 
and 35 females, age range 41-82 years. All had been 
referred with symptoms uggesting vascular clau- 
dication; none had rest-pain; seven were non-insulin- 
dependent diabetics. (In Chester during the study 
period there were an additional 15 patients who com- 
pleted tile Stresst'er but were unable to use the tread- 
mill and were excluded from the analysis). Forty-one 
pairs of results from Chester produced 160 pairs of 
ABPI which were used to perform the ROC analysis. 
Receiver operator curve 
The ABPI results and the 2 x 2 tables of the cut-off 
points 1.0, 0.8, 0.6, 0.4 are used to construct the ROC 
for the Stresst'er which is shown in Fig. 4. 
In ROC analysis the area under file curve is an index 
of the diagnostic quality of the test. The area is large 
whenever the percentage oftrue-positive r sults (TPR) 
is large for the corresponding percentage of false- 
positive results (FPR). For the Stresst'er the area under 
the curve is 94%, indicating a high degree of overall 
accuracy. 
Symptomatic assessment 
Of the 94 patients, eight (8.5%) were limited by factors 
other than leg pain whilst on the treadmill. Six had 
shortness of breath, while two had angina pectoris. 
In the remaining 86 cases, we assessed whether 
the leg which had hurt most on the treadmill had 
performed fewest pumps. In all but eight patients this 
was indeed the case. In five of these eight the patient 
had presented with bilateral claudication and in the 
other three cases there was in fact a very small dif- 
ference (<7%) between the performance of the two 
legs on the Stresst'er. 
Work performed 
Comparison between the work performed on the tread- 
mill and the new device was complicated by the fact 
Discussion 
All clinicians combine their subjective assessment of
the patients with their objective test results. Clinical 
decisions and judgement, however, are usually ef- 
fected towards the intuitive nd of the spectrum 7 and 
nowhere is this more so than in the assessment of
exercise-induced pain in the limbs of patients with 
peripheral arterial disease. The physiologist Sh- 
errington defined pain as the "physical adjunct of an 
imperative protective reflex", and it is the variability 
of the psychical component of pain which bedevils 
attempts to assess claudication. 
Resting ABPIs are probably the most commonly 
used assessment of peripheral vascular disease. The 
ABPI may not correlate with claudication distance, 8 
so many clinicians use stress tests for assessing patients 
complaining of leg pain. Exercise tests are especially 
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Fig. 2. The number  of  pumps in the Stresst'er compared with metres walked on the treadmill. 
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Fig. 3. The % change in ankle systolic pressure after exercise on the Stresst'er and the treadmill. ST% = change in pressure on Stresst'er; 
TM%=change in pressure  on  treadmill. 
useful to evaluate patients with suspected peripheral 
vascular disease but apparently normal pulses at rest; 
a difference in ABPI pre- and post-exercise dif- 
ferentiating true vascular claudication from that 
caused by musculo-skeletal disease. It is also used by 
the clinician to assist decision-making, although it is 
less sensitive for longitudinal assessment of the results 
of interventions uch as exercise programmes, drug 
therapy, angioplasty or surgery. Treadmill exercise 
(TE) was introduced by Sumner and Strandness 9 but 
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Fig. 4. Receiver operator curve (ROC) for the Stresst'er. The curve 
is generated from the data in Table 1. TPR =percentage of true- 
positive results; TNR = percentage of true-negative results. The area 
under the curve is 94% - see text. 
various protocols have been refined subsequently. 5 In 
different vascular units different end-points of the test 
are used. Some centres use ABPI pre- and post-exercise 
and others use distance walked, time to the onset of 
pain or percentage pressure drop. What is perhaps 
surprising is that there is no consensus on a stand- 
ardised test, but this does reflect some of the difficulties 
in the assessment of the pain experienced by different 
people with the same recorded results. 
The usefulness of TE in the assessment ofperipheral 
vascular disease has to be questioned. No standardised 
criteria for its use have been established to correlate 
with extent of disease. Furthermore, ECG changes or 
angina may occur in 11-26% of subjects. 1°'11 In one 
study 46% of patients could not be assessed; 28% 
had symptoms other than claudication and in the 
remaining 18% the results of TE were too variable to 
be meaningful. 4 In this study 25% of patients in the 
Chester cohort could not manage the treadmill but 
successfully completed the Stresst'er. In an important 
publication, 12Ouriel and colleagues list the following 
drawbacks of TE: 
"TE may require cardiac monitoring: it cannot be 
done at the bedside: certain patients cannot be safely 
tested: exercise is limited by the leg with more severe 
disease and it is not possible to obtain an accurate 
assessment of the less-involved leg in patients with 
bilateral disease: factors unrelated to vascular disease 
may determine the stopping point and do not allow the 
patient o walk long enough to obtain representative 
pressure decreases." The Stresst'er overcomes these 
objections. 
Despite the difficulty of having to rely on patients' 
pain threshold as the end-point of exercise, we have 
shown that the Stresst'er and TE do produce similar 
symptoms. Measurement of distance and of pressure 
also rely on this subjective nd-point, but again there 
was good correlation between the tests. Part of the 
variability in the pressure changes measured by TE is 
due to the lag-time between the patient ceasing to 
walk, getting back on the couch and having the cuff 
re-applied. The Stresst'er can be operated with the cuff 
in place so the pressure can be measured immediately 
exercise stops, thus minimising any recovery of the 
pulse during the lag phase which undoubtedly occurs 
in treadmill exercise. 
This new device has other advantages. The test is 
quick and easy to perform so can be used in the 
outpatient clinic to provide a cost-effective "one-stop" 
assessment rather than the conventional separate visit 
to the vascular laboratory. It does not require a trained 
vascular technician, and patient oDmpliance and ac- 
ceptability are high. 
A calf muscle "ergograph" for assessment of clau- 
dication was described by Shepherd in 1950 ~3 and 
there are reports of similar devices, usually designed 
to exercise the calf during some other project. 14 The 
Stresst'er is the first such factory-standardised r-
gometer and therefore should allow the comparison 
of results from different centres. If the results of this 
early study are confirmed it will have a place in the 
vascular clinic. 
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